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wherein R is -C(NO2)3, -CF(NO&, -CF@02), 
--C(N&)2C&, or a fluoraalkyl group such 85 -CF3 
or -CF$F3+ by reacting the corrcspmding dichloro- 
formals with hydrogen fluoride in pyridine. These di- 
fluarafomals are useful as energetic explosive and pro- 
pellant ingredients. 
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MmOD OF PREPARING FLUORO, NERO, AND 
FZUORO?WTROALKYL DIFLUOROFORMALS 

BACKGRQUND OF THE INVENTION 5 
This invention relates to organic compounds and 

more particularly ta difluoroformals. 
U.S. Pat. No. 3,922,3 11, entitled “Fluorodinitrocthyl 

Difiuoroformz4 and Process of Manufacture,” which 
was issued to Howard M. Peters md Robert L. Simon, lo 
Jr,, on Nov. 25, 1975, discloses the synthesis of k&(2- 
fIuoroc2,2dinitroethyl) difluoroformal by the reaction 
of bis(2-fluoro-2,Zdinittocthyl) c&onat.e with sulfur 
tetrafluoridc and hydrogen fluoride. Similar. cum- 
pounds have been ptcpared at SRI kmm.ional, 333 l5 
Ravenswood Avenue, Medo Park, Calif. 94025, by the 
reaction of carbnates and thionocarbnates with sulfur 
tetrafluoride with catalysts such as TiC4 using in at 
least some cases liquid hydrogen fluoride as &vent. 
The remion is conducted in high pressure equipment 2o 
for extended periods of time (l&25 days) at tcmptra~ 
nase Z JCW, Workup rqtia the removal of noxious 
gasses and reactant and catalyst impurities. In addition 
difficult purification of the product is often rquired. 
Yields are on the order of ‘t&90%. It would be d&r- 25 
able tu provide an easier method of preparing fluoro-, 
nitroa, and fIuoronitroa.lkyl difluoroformztls. 

1 SUMMARY OF THE INVENTION + 
Accordingly, an object of this invention is to provide 3o 

an improved method of synthesizing fluoro-, nitro-, and 
fluaronitrualkvl difluorofomztls. 

Another object of this invention is to provide a 
method of synthesizing fluoro-, r&o-, and fluoroni- 
troalkyldifluoro form& at ambient kmpersture and 35 
pressure. 

A further object of this invention is to prwide a faster 
method of synthesizing fluor+, nitru-, snd fluoroni- 
troalkyl difluurofoxmals. 

These and other objects of this invention UC 4o 
achieved by providing a method of preparing difluoro- 
formals of the formula 

t=HPkSfz 
45 

wherein R is -C(NO2)3, --CF(NO& -CF2(N02), 
---C(N02)2 CH3, -CF;, and -CFzCF;, comprising: 

(1) adding a dichloroformal of the formula 

W~z~C~2* 50 

wherein R is 8s defined above, tu a solution of 
hydrogen fluoride in pyridint and alluwing the 
dichloroformal to react with the hydrogen fluoride 
to give the difluoroformti; and 55 

(2) isolating the product difluorofonnal. 
The difluoroformals are useful as energetic expbsive 

and propellant ingredients. 

(” 

DETAILED DESCRIPTXQN OF THE 
PUFERRED EMBODIMENT 60 

Methods of preparing the dichloroformals us6d in 
this invention are disclosed Xn the US Patent Applica- 
ticm Ser. No. 256,462 ftied Mar. 30, 3981 entitled 
“Polynitroethyl Dichloroforxnals,” by William I% Gilli- 65 
gan, filed concurrently with the present application, 
herein incorporated bv reference. The dichlorofomds 
are prepared by refkng the corresponding thionocu- 

2 
bonate with sulfuryl chloride in the prance of a cata- 
lytic amount of either AK13 or TiCt. Another method 
is to pass chlorine gas through a mixture of the thiono- 
carknate, a chlorinated hydracarbon (e.g., CCt, 
CHC13, CH2C12, or 1,2dkhlorocthane), and a polar 
additive (e.g., 2,2,2-trinuorm.hano~ or acetonitrile). 
Preferably, at least two mole of polar additive is used 
for each mole of ttionocarknate. The reaction temper- 
ature for this second method is preferably from 15’ to 
25’ C. (with a reaction time of from 3 to 8 hours). 

Dichloroformals which are used include, -w . 

[mQ2)3C&@‘$a21 * 

KFWWSH20)r~2, 

ICF2WWCfI2W7~2, 

tCbw%hCw337~2. 

[CF3CH2037CCI2, and 

[CFjCF$H2~CCl~. 

The dinuoroformals which are produced include 

The reaction is carried out by adding the dichlorofor- 
mal to a solution of hydrogen fluoride in pyridinc and 
sliming at ambient temperatures, and pressure for from 
1 to3 days. Preferably a 40 to 70% by weight solution of 
HF in p@dine is used. The reaction appears to be corn- 
plete in a day or less, though to ensure complete rtac- 
tion, longer times were sometimes used. The prduct is 
isolated by pouring into water and extracting with an 
iti&ble organic solvent such as methykne chloride. 
After drying and removal af the solvent, the product is 
obtained in essentially quamjtative yield and is essen- 
Mly analytically pure. The dichloroformaI can be 
added either in the neat state or in a solutioa of methy- 
lene chloride or 1,2dichIoroethane. The reaction solu- 
tion can be hated to 50’ but there is no advantage in so 
doing. 

To more clearly illustrate this invention, the follow- 
ing examples ue presented. It should be understood, 
however, that these example are presented merely as a 
means of illustration and are not intended to limit the 
scqe of the invention in any way. 

EXAMPLES 
The reactions in Examples 1 through 5 were carried 

out by adding the appropriate dichloroformal to a 
6&70% solution of hydrogen fluoridt Lr pyridine and 
stirring the solution at ambient temperature. The prod- 
uct difluoroformals were klated by pouring the reac- 
tion solution into water and then extracting out the 
product difluoroformal with a water-immible SOlvent 
such as methylene chloride. After drying and removal 
of*the solvent, the products were obtained in essentially 
quantitative yield and were essentially mat~ically 
pure. 

Table 1 presents a summary for Examples l-5 of the 
starting materials, reaction times, products, md yields. 
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4 
&J l Table 2 presents the elemental analyses of the product 

difluorofomals of Examples l-5. 
1. A method of preparing a difluoroformal of the 

formula 
Qbviously, many modifications and variations of the 

present invention was possible in light of the above WH20 12-2, 
teachings. It is therefore to be understood that within 5 
the scope of the appended claims the invention may be wherein R is selected from the group consisting of’ 
practiced otherwise than a~ specifically described. -C(NO2)3, -CF(N02)2, -CF2(N02), -CC* 

TABLE 1 

(RCH2O)z cc12 wt. of dichlore mC~20h-2 
Example NO. R f0rfm.l w ml. HF/pyridinc 

1 ccNQ2h 3.48 IQ 
2 FC(NO2h 5.0 10 
3 WWQz? 3.79 8 
4 CH 3c(No2)2 2.53 7s 
5 CF3 9.6 1s 

Time (hr) 

20 
20 
16 
16 
16 

Yield (%) H-NMR(CD&-MS) (ppm) 

. 98 s-12 (L) 
-100 4.97 (d) 

97 4.58 (I) 
-100 4.68 (s); 2.23 (s) 

72' 4.2 (9) 

2o 
NQ2)2CH3, -CF3, and -CF~CFJ, comprising: 

(I) adding a dichloroformal of the formula 

WH20)2 cc12, 
TABLE 2 

1 CWO2)3 cdc. 14.64 0.98 20,49 9.26 
Found 14.73 1.00 20.28 9.02 

2 FWO& Cak. 16.86 1.13 15.73 21.34 
Found 16.82 1.12 15.49 21.16 

3 FzCIN02) Cab 19.88 1.33 9.27 37.74 
Found 19.98 1.30 9.39 37.G 

4 C&CWOJ)2 cak. 24.13 2.90 16.09 10.91 
Found 24.08 2.97 15.49 IO.71 

S CF3 cdc. 24.21 1.62 - 61.27 
Found 23.99 1.61 - 61.09 

We claim: 

wherein R is as dcfrned above, to a solution of 
25 hydrogen fluoride in pyridine and allowing the 

dichlorofurmal to react with the hydrogen fluolride 
to give the difluoroformal; and 

(2) isolating the product difluorofurmaI. 
2. The method of claim 1 wherein R is selected from 

3o the group consisting of -C(N02)3, -CF(NO&, 
-CF2(N02), -C(NQ)2CH3, and -CF?. 

3. The method uf claim 1 ur 2 wherein the solution of 
hydrogen fluoride in pyridine comprises from about 60 
to about 70 weight percent of hydrogen fluoride in 

35 pyridinc. 
8 s l l l 
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